Introduction
The heavy to light meson exclusive decays are very important in testing the particle physics standard model (SM), extracting its parameters and searching for possible new physics. So far, the decays with only S-wave mesons (pseudoscalar mesons, vector mesons etc.) in the final states have been analyzed extensively both from theoretical and experimental aspects. Comparatively speaking, few studies have been done on those decays involving P-wave mesons (scalar mesons, axial vector mesons etc.) in the final states. In the last ten years, with the development of experiments, a large amount of decays with P-wave mesons in the final states have been found and measured, [1] [2] [3] [4] [5] [6] [7] which promote the theoretical investigations on these decays. To give predictions for the exclusive decays, one needs the knowledge of transition form factors. K.C. Yang et al. gave the form factors of B (s) to P-wave mesons by using the light cone sum rules and studied relevant exclusive decays.
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A special role is played by the D (s) exclusive decays, which provide an unique place to probe the new physics coupling with up type quarks. However, the light cone sum rules adopted in Ref. [8] [9] [10] are based on an expansion over m A /m b (m A and m b denote the mass of axial vector meson and bottom quark respectively) and therefore can not be used to calculate the form factors of D to axial vector mesons. R. Khosravi et al. calculated the D (s) to K 1 transition form factors in 3-point QCD sum rules. 11 In the present paper, we intend to calculate the semileptonic form factors of D to spin triplet axial vector mesons a 1 (1260), f 1 (1285), f 1 (1420) by using the 3-point QCD sum rules and give a prediction for the branching ratios of relevant semileptoinc decays.
Definitions and expressions of D to axial vector meson transition form factors via 3-point QCD sum rules
Following Ref., 11 the semileptonic D to axial vector meson A transition form factors are defined via corresponding hadronic matrix elements as follows,
Here A denotes the axial vector meson a 1 or f 1 .
The form factors f V , f 0 , f 1 , f 2 can be evaluated via 3-point QCD sum rules. As stated in Ref., 11 the following redefinitions are needed in order for the calculations to be simple,
Using the same analysis as Ref.
11 with simply choosing D q to be D and replacing K 1A(B) with A, we have 
Numerical results and analysis of the form factors
With the sum rule expressions above, it is now in the position to evaluate the D to axial vector meson transition form factors. According to the quark model, 1 the flavor contents of relevant mesons are
Note that the physical f 1 (1285), f 1 (1420) states are mixtures of light flavor SU (3) singlet f 1 and octet f 8 , which can be expressed as
For the mixing angle θ, we choose the value θ = 23
• given by H.Y.Cheng based on phenomenological analysis. 12 The masses and decay constants of relevant mesons are collected in Table1. Other input parameters are quark masses and parameters relating to condensates, which are listed as 
.0 ± 0.5GeV 2 in our calculations. Note that the sum rules become unreliable in the large q 2 region and therefore our predictions for the form factors via 3-point sum rules are truncated at about q 2 = 0.15GeV 2 . To extend the results to the whole kinematically allowed
we use the following parametrization,
Here F denotes the form factor f 1 , f 2 , f 0 , f V . By using this parametrization and the form factors at low q 2 region calculated via 3-point sum rules, we obtain the form factors in the whole kinematically allowed region shown in Fig.9-12 Table 2 , where the theoretical errors for a, b are not shown for simplicity.
Roughly speaking, the uncertainties of the form factors f 1 , f 0 and f V are about (15-20)%, while that of f 2 is around 30% which can be attributed to the large dependence of this form factor on the free parameters s 0 , s 
where the sign of dd component is minus. Moreover, the magnitude of form factor f 1 is obviously smaller than other form factors and the form factor f 0 are almost independent of q 2 for all channels we investigated. For the D + → f 1 (1285), f 1 (1420) decays in which mixing is involved, the form factors of D + → f 1 (1285) are about five times larger than those of D + → f 1 (1420), which is due to the fact that the flavor contents of f 1 (1285) and f 1 (1420) are dominated by the components 1/ √ 2(uū + dd) and ss respectively. The extrapolative parameters a, b are the same for D + → a 0 1 (1260), f 1 (1285), f 1 (1420) decays and this means the variations of corresponding transition form factors in these three channels with the momentum transfer squared q 2 are similar. 
Branching ratios for semileptonic decays
In this section, we shall use the above obtained transition form factors to calculate the branching ratios of relevant semileptonic decays. Specially, the decay channels we calculate are
The lepton l may be an electron or a muon. The differential decay widths for the process D → Al + ν l can be written as
where dΓT dq 2 and dΓT dq 2 denote the transverse and longitudinal differential decay width respectively. Neglecting the mass of lepton l, their expressions have the following forms, with
For the CKM matrix element |V cd | and Fermi coupling constant G F , we use the latest values given by PDG, i.e. |V cd | = 0.225 ± 0.008, G F = 1.116 × 10 −5 GeV −2 . With the above considerations, we obtain the differential decay widths as functions of
+ ν l decays, the center values of which are shown in Fig.13 . From Fig.13 , we can observe that the differential decay widths for D + → a (6)). In addition, the differential decay widths for D + → f 1 (1420)l + ν l are almost two order of magnitude smaller than those for D + → f 1 (1285)l + ν l and this is related to the fact that f 1 (1420) is nearly a pure ss state. The transverse differential decay width vanishes at the largest recoil, i.e. q 2 = 0 point due to the factor q 2 in the front of Eq.(10). 
where the first and second uncertainties come from the transition form factors and CKM matrix element |V cd | respectively. The uncertainties coming from transition form factors are about (20-30)% and those stemming from |V cd | are around 7%. The branching ratios for
+ ν are at the order of O(10 −5 ), while the one for D + → f 1 (1420)l + ν is approximately two order of magnitude smaller which is similar to the differential decay width. Note that these branching ratios have not been measured, our results can be tested by the more precise experiments such as LHCb, BelleII,etc. in the future. 
Conclusion
In the present paper, we calculate the D to spin triplet axial vector meson a 
